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Chapter 1
LITERATURE REVIEW
A normal, uneventful pregnancy and a healthy newborn are the
desires of every expectant parent. The media produced "Gei±>er" baby
with its rosy cheeks, bri^t eyes and chubby stature, seen so fre
quently in product advertisements reinforces this expectation. Un
fortunately, there is a significant nmber of nevbom infants whose
arrivals are poorly timed, are the result of maternal illness, have
developmental difficulties in utero or develop prchlems in the neo
natal period. These factors classify the nevbom "at-risk" for
survival and subsequent developmental delays.
Until the last decade the survival of these infants was rare.
Substantial advances in technology cind clinical management have been
made in the perinatal and postnatal care of the neibom. Medical
research has been intently focused on solving complications pre
sented in this population and medical literature now abounds with
methodologies and devices to ensure their survival.
NOW that these "at-risk" infants frequently survive, questions
regarding long-term morbidity in this grovp and the develcpmential
effec±s of bicmedial intervention have assumed great importance. The
advances in technology have boasted an associated drop in neonatal
mortality over the past 15-20 years (Lubchenoo, 1976) but the impact
on necnatal morbidity is much more difficult to assess.
Certain risk factors are so ocmmonly associated with neo
natal or infant death that these lethal outcomes can be predicted
1
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with reasonable accuracy (Drage and Berendes, 1966). The prediction
of difficulties in mental, motor or sensory abilities in later child
hood has not been so successful. The strength of prediction from
pregnancy and perinatal risk factors has been very weak for single
events (Parmelee, 1976) but clusters of factors have been slightly
more predictive (Parmelee, 1976), however, even these have resulted
in a wide range of outcomes and cannot account for individual dif
ferences (Wiener, et. al., 1968, Parmelee and Haber, 1973). Despite
these weaknesses studies available in the literature have focused
on risk factors contributing to later learning difficulties (Harmeling and Jones, 1968) ; visual perceptual prdclems (De Hirsch, et. al.,
1966) ; cognitive deficits (Rubin, et. al., 1973) ; language deficits
(De Hirsch, et. al., 1966); neurcmotor problems (Caputo and Mandel,
1970) ; hearing loss (Northern and Downs, 1978) and a host of other
deficits. The above studies, althou^ weak in research design and
validity, have alerted the medical and allied health professions to
factors that dictate a developnsntal evaluation of the infant at an
early age with intervention, if needed, in order to optimize the
infants development.
Of particular concern to this researcher is the effect these
risk factors have on the develop>ing auditory system. The vulner
ability of this system to perinatal complications was reviewed by
Büchwald (1975) and the subsequent incidence of hearing loss has been
reported by numerous authors (Babson, Pemoll, Benda, 1980; Downs,
1976; Friedlander, 1970; Simmons, 1980). Research into auditory
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sequelae has focused prijiarily csi the identification of hearing impair
ment in the at-risk pcpulation via neht»om hearing screening (Mendher,
1976). The impact of risk factors on the infants maturation and
auditory responsiveness has been discussed only minimally in the
literature.
Northern and Downs (1978) delineated the maturation of
auditory behavior in the normal child from birth to childhood with
focus on types of laehavioral responsiveness (i.e. localization,
cessation of activity, etc.) and the corresponding stimulus pre-i
aentation levels that typically are needed to elicit such responses.
The development of an "Auditory Behavioral Index" (Appendix A) was
the result of their analysis. This index has been consistently re
produced in many clinical settings and is a reliable index for normal
develc^ment (McConnell and Ward, 1968; Davis and Silverman, 1970;
Sweitzer, 1977). Of interest is vhether the at-risk infant follws
a similar maturational pattern at comparable sensitivity levels or
whether his unique status creates the need for a qualitatively dif
ferent scale.
The purpose of this study is to provide audiological data on
a heterogeneous group of at-risk infants who have been evaluated
longitudinally through the Newborn Follow-up Clinic at Children's
Hospital in Denver, Colorado. The results serve to describe the
audiological maturational pattern of a relatively large sample of atrisk infants and are intaided to provide a referential base that
mi^t be helpful in future audiological evaluations of this population.
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Chuter 2
MEmXXDIOGY

The data in this study were obtained by a retro^jective
analysis of the audiological records of infants participating in
the Nev*om Follow-up Clinic at Children's Hb^ital in Denver,
Colorado. The testing protocol for the collection of audiological
data was established prior to this study and the following outlined
procedures were implemented by a single pediatric audiologist.
Modifications of this established protocol were not made for the
purpose of this study.
S u b je c ts

The subjects were 100 infants (50 males, 50 females) ranging
in age from 1 month to 25 months, who were offered the opportunity of
being followed throuÿi the Pollow-ip Clinic at Children's Hospital in
Denver, Colorado. The majority of these children were treated in
intensive care nurseries for various perinatal complications. Hospital
medical records were reviewed and information regarding: complications
in pregnancy or delivery; the immediate condition of the newborn at:
birth; major factors in the neonatal course; and any other pertinent
data was abstxacted (Appendix B). Subjects were seen for a hearing
test as part of a comprehensive evaluation of the child's development.
Assessments were performed at the child's corrected age. Estimated
gestational age was derived from the maternal history of the last
menstrual period and confirmed by clinical assessment of the infant
at birth (Lubchenoo, 1976), The number of assessments varied
4
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(Appendix C) and was d^aendent upon variables such as accessibility
of the clinic to the subject; parental interest, vhether or not the
infant presented with prcAalems of medical management, etc. The
Follcw-up Clinic was designed to assess, when possible, the developmait of the infants at 3, 9, and 15 months corrected age and again
at tvro years chronological age. ^^roximately 52% of the total
assessments were made at three months of age and 44% at nine months
of age.
Excluded from this study were those subjects vhose audiological data were inconplete; whose first assessment was at one year
of age or above; or for whom the interval between subsequent follow-vp
visits exceeded eiÿiteen months.
Test Procedures
Data for this experiment was gathered in a double-walled
sound-insulated test room (Industrial Acoustics, Model #1202). The
examiner was situated in the control room and had full viw of the
testing situation throu^ a one-way mirror-window. The test room
was arranged with the child sitting on the guardian's lap, midway
between two loud speakers (Grason - Stadler, Model #L4931). The
loud speakers were located at ear level, approximately 1.4 meters
fixxn the infant and at a 90° angle to the right and left of the
infant. Visual reinforcers were situated on top of the loud speakers,
slightly above the infant's eye level but were lowered and were moved
closer to the child as needed depending on the child's developmental
level. The reinforoers were two colored plastic animals approximately
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8-10 inches in diameter vAiich could be illxminated within by a 100
watt light bulb and controlled by an examiner switch located in the
control room. At times an assistant was seated in front of the infant
at midline visicai and vhen apprcç)riate this assistant or the guardian
would encourage the infant to passively observe or play with quiet
toys in order to maintain the infant's head in a midline position.
The guardian and assistant were cautioned to inhibit their responses
and to not cue the infant qpon presentation of signals. Stimuli were
generated by an audioraoter (Grason-Stadler, Model #1701) located in
the control room.
Behavioral hearing assessment techniques were utilized.
Behavioral Ctoservation Audiometry (BOA), (Hoverston and Moncur, 1969;
Thompson and Weber, 1974) is a procedure in vhich auditory signals are
presented at moderate to intense decibel levels and observations of
changes in the infants' behavior at the time of the stimulus pre
sentation are observed. Responses observed are reflexive in nature
and included vhole-body movements, lesser body novement, eye blinks,
eye widening, cessation of activity or increased behaviors, such as
sucking. Ihe BOA procedure is limited to a gross estimate of hearing
status in that an auditory signal sufficient to generate a reflexive
response must be well above the infants hearing threshold. BOA was
the most ooranon test procedure utilized with infants younger than
four months of age and older infants vto were unable to condition to
airy other testing techniques, such as Visual Reinforcement Audio
metry (VRA). VRA was used in carbination with EGA in infants less
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than four nmths of age when auditory skills allowed. Since audible
signals, when used alone over time, have been documented to have little
reinforcing value to infants (Moore, Thatpson and Thonpscm, 1975;
Mcore, Wilson and Thotipson, 1977) an operant conditioning paradigm
was utilized as soon as possible. The test protocol used was VRA as
described by Liden and Kankkunen (1969). The purpose of VRA is to
establish strong and consistent localizations. Procedures rely ipon
presentation of a visual signal which can be paired simultaneously
with an acoustic signal as a means of establishing a conditioned time
locked but not necessarily localized response. Once conditioning has
been adequately established the auditory signal and reinforcer are
separated and the auditory signal serves only to cue the infant that
a visual reinforcement follows. By the age of four to five months,
the normal infant is beginning to develop some localization abilities
(Mx>re and Wilson, 1977). A number of authors have reported cai the use
of VRA procedures for assessment of hearing sensitivity in infants and
young children (Matkin and Thomas, 1974; Moore, Thatpson and Thompson,
1975; Lloyd, 1974) and is applicable to the infant as young as five
months of age (Moore and Wilson, 1977). Examiner decision as to the
correct technique to elicit the desired audiological information was
relied upon.
The testing procedure inplemeited varied with different age
ranges of the subjects. During all testing, however, the infants
testing state was evaluated. The state of wakefulness and general
psychological set has been documented to be an important parameter in
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testing (Ling, et, al., 1970; Owns and Sterrit, 1967; Mancur., 1968;
Bench, 1970). If an infant is fatigued, irritable or uncomfortable,
responsiveness will decrease (Ling, et. al.^ 1970). Generally the
testing was conducted when the infant was alert, not overly active
and not distracted by other stimuli.
A single examiner was used throughout the study. This ex
aminer was responsible for all final decisions regarding the validity
of tdie results ctotained during testing. Examiner bias and expectancies
could not be completely eliminated, however, expectancies witdi regard
to certain aspects of the data were controlled. The audiologist was
unfamiliar with the subjects date of birth and neonatal history prior
to examinatzLon; tests were done when the subjects were referred and
at a later date their records were checked for response criteria by
the investigator rather than the examiner.
The typical testing sequaice included:
1. Estimation of hearing seisitivity: A minimal response
level (MRL) as c^jposed to hearing threshold level
was c*>tained due to the ages of the subjects and
the greater intensity necessary to elicit a positive
response in tdiis age grotç) (Hoverston and Moncur,
1969). The MRL was obtained by varing the intensity
of four warble tones (.5KHz, iKHz, 2KHz, and 4KHz
with 5% modulated warble) with subsequent presentaticm until the softest sound to vbich the
infant would reqxxid was found. On occasion
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narrow band noise (bandwidth was 1.5 times the
critical bandwidth) was substituted for the
wai±>le tones to maintain the infants interest.
Test procedure remained the same.
2. Determination of Speech Awareness Level;
Examiner presented speech at varing levels of
intensity through the loudspeakers using phrases
with inflection such as, "Oh-oh"; "Buh-buhrbuh" ;
"Hi there"; "Yoo-hoo"; calling the child's name,
etc. Subsequent stimuli were presented until the
softest sound to which the child would respond
was found.
3. Startle Réponse: Presentation of a sudden
burst of white noise at 65 dBHL presentation
level following a period of quiet behavior by
the infant. A startle using a burst of speech
("Buh-buh-buh") via a bene conduction unit (Radio
Ear, Model B-70-A) was implemented if no startle
was obtained via air conduction.
4. Tympanometry: Tyitpanograms (using a Grason Stadler, Model #1725, Middle Ear Analyzer) were
obtained to assess motion or compliance of the
tympanic membrane. Abnormal tynpanograms were
identified by the peak pressure point of the
tympanogram occurring at -200 mm H^O or greater
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and/or an aitplitude being shallow or flat, bi
laterally.
Results were recorded at the time of testing and reference was
made as to type of behavioral testing implemented (BOA/VRA); state of
infant at time of testing; reliability of responses; quality of re
sponsiveness; stimulus intensity levels for elicitation of such
responses; and the age correlate based on Northern and Downs (1978)
Auditory Behavioral Index (/pendix A). Those infants suspected of
having a hearing loss were subsequently referred for further audiological testing and/or more objective test measures.
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Qîcpter 3
RESULTS
A total of 100 infants were evaluated in this study. Figure
I reflects the distribution of 230 assesâmaits over a-two year period
for 95 of the infants. The remaining 5 infants were found to have
a sensorineural hearing loss and their subsequent follow-tg> will be
discussed later in this section. The Pollcw-i;^ Clinic was designed
to monitor children fron a developmental perspective at three months,
nine months and fifteen months corrected age and then again at two
years chronological age. Ihe actual distribution of assessments
deviated slightly fron this design. TWenty-nine percent of the
assessments occurred between three and four months vhile 24% occurred
between seven and nine mcmths. Groijçs of infants one to two months
of age and five to six months of age ocnçrised 7% respectively, where
as the ten to twelve month grovg) ocn^arised 11% and the thirteen to
fifteen month grot^ ocnprised 12%. The remaining 10% were oonprised
of sixteai to twenty-five month old infants (see Figure 1).
Behavioral observation audiometry (BOA) was used to assess
100% of the infants one to tsao months of age; 95% of the infants
three to four months of age; and 67% of the infants five to six
months of age. Four percent (8 infants) of the infants seven months
of age or older failed to condition to visual reinforcement audio
metry (VRA) tasks and were also assessed hy BOA, (5 of ttese infants
demonstrated a delay in their auditory develc^ment and 2 were con
firmed to have a conductive hearing loss). Of the infants assessed
11
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Figure 1
Distribution of assessrrents of the ctie month to
twenty-five month infant populaticai (N = 95).
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by BOA, 13% in the one to two month group; 37% in the three to four
month group; and 60% of the infants five to six months of age were
beginning to localize to the sound source. Responses were considered
inconsistent/ despite these behaviors, and therefore VRA was not
utilized. Table I shows the number of infants assessed with BOA
and VRA at the various age levels. In additiw, the nvnber of
infants showing beginning localization responses to auditory stimuli
are delineated.
Minimal response levels were obtained for warble tones (.5KHz;
IKHz; 2KHz; 4 KIz) and ^«ech stimuli via sound field. Re^xnses were
obtained for all stimuli in 90% of the infants tested. Minimal re
sponse levels were obtained for at least three stimuli (warble tones
and/or speech) for the remaining 10%. T^le 2 presents the minimal
response level for each stimulus in vhich an estimated 75% of the
infants within the age range responded. Excluded from this analysis
were those infants vho were identified as having auditory develop
mental del^s; conductive hearing losses; or sensorineural hearing
losses.
A startle response was obtained on 89% of the infants tested.
The remaining 11% demonstrated elevated minimal response levels to
auditory stiiraili. Of these infants 77% reflected abnormal tynpanometric results. Normal tympananetric finds were obtained in the
remaining infants, all of vhom were less than nine noiths of age.
oypananetric studies were attempted on all subjects at each
assessment date. Of the total 230 assessments only 7% resulted in
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Table 1
Distribution of infants assessed with either
Behavioral Conservation Audiometry (BOA) or Visual Reinforcement
Audiometry (VRA)
Age Range

Number of Infants
Assessed with BOA

-Total Number
of Infants
Assessed

Number of Infants
Number of Infants
Assessed with VRA
Assessed with BOA
Beginning Localization
Responses

months

16

16

2

0

3 - A months

66

63

23

3

5 - 6

months

15

10

6

5

7 - 9

months

55

5

1

50

ID - 12 months

26

1

0

25

13 - 15 months

30

1

1

29

16 - 18 months

9

1

1

a

19 - 21 months

4

0

0

4

22 - 25 months

9

0

0

9

1 - 2

Table 2
Minimal response levels (in dB HL) at which appraxinately
75% of the Infants responded
Age Range
.5KHz

IKHz

Stimuli
WHz

4KHz

Speech

1 - 2

months

50-60dB

55-65dB

50-60(#

50-60dB

30-45dB

3 - 4

months

50-60dB

55-60dB

50-65dB

55-65dB

J5-50dB

5 - 6

months

25-35dB

20-35dB

20-35dB

20-)5dB

I0-20dB

7 - 9

months

I5-30dB

I5-30dB

I5-30dB

I5-30dB

I0-I5dB

1 0 - 1 2 months

I0-20dB

I5-20dB

I5-2GdB

I5-25dB

lOdB

13 - 15 months

I0-I5dB

5-I5dB

I0-I5dB

I0-I5dB

lOcffi

16 - IS months

5-1 OdB

5-IOdB

5-IOdB

5-I5dB

5-IOdB

19 - 21 months

lOdB

IDdB

lOdB

lOdB

lOdB

22 - 25 months

5-IOdB

O-IOdB

lOdB

lOdB

5-IOdB
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inodiplete tÿnçanometxic testing. Bilateral tynpanograms were
obtained on the remainder, 19% of vAiich were abnomial (see Figure
II). Abnormal tynpanograms were associated with the absence of a
startle response and elevated audiometric response levels in 51% of
the cases and associated with elevated response levels and normal
startles in 22% of the cases. "Rventy-seven percent of these abnormal
tynpanograms were found in the presence of normal hearing and a
normal startle rei^xmse.
If tynpanograms were abnormal and were acoorpanied by an
elevated response to auditory stimuli, the infant's pediatrician
was contacted and the results were discussed. Subsequent medical
intervention was at the discretion of the physician and follcw^p
data was not available.
As mentioned previously, of the 100 infants tested, 5 were
identified as having moderate to profound sensorineural hearing
losses and their data was excluded from the preoeeding information.
Four of the five infants were initiailly identified through the Followrp Clinic audiology testing. 1\«o were suspected of having a sensor
ineural hearing loss at the age of five months? cme at eight months
of age; and one at one month of age. All four were ocnfirmed with
auditory brainstan response (ABR) testing. Cne child was diagnosed
outside of the clinic prior to six maiths of age. The infants re
ceived intensive follcw-up testing, subsequent to identificaticm,
including repeat hearing testing; reoonrnendations for hearing aid use
and sii^sequent hearing aid evaluaticxis and placanait in ^propriate
programs to foster ocnmunication developnent.
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Chapter 4
DISCUSSION
The purpose of this investigation was to acoumulate audiological data on a heterogeneous group of at-risk infants and to
determine if their auditory maturation pattern deviates from that
of normal developing infants.
Minimal response levels for both speech and frequency speci
fic stimuli for the infants in this study vho were not identified as
having a conductive or sensorineural hearing loss or demonstrating an
auditory developmental delay are delineated in Table 2. The response
levels obtained in this groip of infants for warble tones are in
general agreement with those obtained by Northern and Downs (1978)
on infants ip to six months of age. Past six months of age, how
ever, the data suggest that the at-risk infant in this study responded
better to frequency specific information than those infants tested by
Northem and Downs (1978). Closer epproximations to our frequency
specific data ware obtained by Wilson, et. al. (1976) in his study
on normal infant responsiveness.
A factor contributing to this discrepancy in frequency
specific reqaonsiveness lies primarily in the testing procedures
utilized. As menthmed previously in this study, BOA was imple
mented with 92% of the infants one to six months of age. Only 6%
of the infants older them six months of age were assessed with BOA,
all of vdxm had either a oonductive loss or an auditory developmental
17
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delay. Re^xsnses obtaJjned by BOA are hiÿily reliable for infants
between the ages of one and six months (Bench, et. al., 1977; Moncur,
1968). However, beginning at ^prcKimately the age of four to five
months the infant is more adept at sensory-motor integration, vAiich
will allow for more coordination of motor responses to both visual
and auditory stimuli. Subsequently, localization will develc^ and the
infant will be able to ocmdition to VRA by six months of age (Pulton,
et. al., 1975). This finding is in close agreanent with the data
presented herein. VRA has been found to be a reliable test with
infants as young as five months of age (Moore and Wilson, 1977) and
was utilized by Moore and Wilson (1977) in their study as a means to
obtain frequency specific information. Northern and Downs (1978),
however, did not utilize the VRA procedure in obtaining their results
and relied on BCA. Minimal response levels to VRA have been found to
be more sensitive levels than those obtained by BOA (Moore and Wilscai,
1977) and this may acoount for the discrepancy in data between Moore
and Wilson (1977) and Northern and Downs (1978). Our results are
also in general agreement with Moore and Wilson (1977), despite the
differences in infant pc^julation, suggesting that the at-risk infants
and the normal infants share a similar pattern in auditory maturation.
Minimal response levels dbtained in this study for speech
stimuli were similar to those obtained by Northern and Downs (1978) at
all age levels. This agreement, in light of the discrepancies cited
for frequency specific data, may be accounted for by the nature of
the speech stimulus itself. As signal conÿ>lexity increases, infant
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responsiveness also increases (Bench, 1977). Speech has a broad-band
i^iectrum and thus will enhance the infants responsiveness. In
addition, Hoverson and Moncur (1969) found that the human voice was
a more interesting and meaningful stimulus for infants than warble
tones and therefore elicited better responses.
Auditory responsiveness among these at-risk infants ^^pears
to be roughly paralleling the responsiveness obtained on normal
infants when corrections are made for gestational age. In examining
the data, it is evident that the greatest maturation in auditory re^xxisiveness is between the ages of one month and nine months. Within
this group sensitivity to auditory signals iirproves approximately 50
dB. It is also within this timefraie that the infant's sensorymotor skills are integrated allowing him to localize to the source of
sound.
Although the majority of the assessments revealed normal mini
mal response levels for the infants corrected age, 31% of the assess
ments did not (see Figure III). Of these remaining assessments,
slightly more than half were aooounted for by a confirmed conductive
hearing loss. The remainder were oœsidered to be due to delays in
the auditory maturation of the infant.
Conductive hearing losses were inferred by abnormal tympanograms and an absent startle reflex in slightly more than half of the
cases. Seventeen percent of the infants with a conductive loss, as
evidenced by elevated minimal response levels and absent startle re
sponses had normal tympanograms. Of interest was that the majority
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Figure III
Audiological Evaluations for At-Risk
Infants Birth to TV^o Years of Age

V
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of children dancsnstrating this pattern were less than seven months
of age. This is not surprising in view of Balkary and Zamoch (1978)
and Paradise, et. al. (1976) studies vhich oonfirm the inaccuracy of
tympanograms before the age of six to seven months of age, due to
the distensibility of the infant ear canal. The incidence of oonductive loss is relatively high in the normal population, with esti
mates that as much as 60-80% of all children will have at least one
conductive pathology before the age of tvo years (Howie, et. al., 1975;
K^lan, 1973; Brcwnlee, et. al., 1969). The percentage of conductive
pathologic evidenced at any given time, howsver, would be much lower.
The data presented herein indicated the presence of a conductive
pathology in 20% of the infants tested. It is suspected that if more
frequent testing and follow-iç) were conducted, nodical information
was abstracted and parents and physicians were consulted, this inci
dence would increase.
Delays in the maturation of auditory skills were evident in
11% of the assessments. Elevated minimal response levels were
obtained in this group of infants in the absence of a conductive or
sensorineural hearing loss. Seme of these infants showed an in
ability to locate the sound source and thus condition to VRA. This
deviation in auditory maturation suggests the presence of cxmplications in the development of the total infant. It may be specu
lative that insufficient cognitive abilities and their influence on
sensory-motor integration, mey acoount for the majority of these
delays. The presence of these developnaental delays would be suspected
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in view of the multiple medical ocnplications these infants displayed
in their early months of life.
A total of 5 (5%) infants in the stu^ were identified as
having a moderate to profound sensorineural hearing loss. The
incidence of sensorineural hearing loss reported here, along with
previous reports in the literature (Field, et. al., 1979; Downs, 1976;
Simmons, 1980) suggest that for every 100 infants receiving neonatal
intensive care, it is likely that at least 2-4 will have moderate
to profcmnd sensorineural hearing losses.
Although the data from these testing situations can be viewed
only taitatively until replicated by other persons working with simi
lar populations in other centers, they do suggest that the at-risk
infant follows a similar maturational course in the develqpment of
auditory responsiveness to that of the normal infant vhai oorrecticais
are made for gestational age. Cotçarison of data from follw-up
studies is difficult as there are no similar studies cm infants demon
strating such a wide variety of perinatal ocnp)lications and in fact
the value of this stu% may be scmevhat limited by including such a
oonglcmeraticm of sequelae.
Auditory responsiveness, be it a startle, localization, or
a reflexive behavior, is a relatively simple act but its determinants
may well be multiple and ocnplex. Biological factors are certainly
significant. However, one oould also speculate about other contri
buting factors such as tte availability of verbal stimuli in the
hone and the quality of attachment between mother and infant. While
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an attend has been made in this stud^ to oontrol for a nunber of
factors known to contribute to auditory develc^mentf it is reason
able to assume that as yet unknown factors will also prove to be
important contributors. Control for more of these factors, although
a monumental task, must be undertaken in future studies in order to
insure the accuracy of audiological testing in the at-risk infant
populations.
The importance of early identification, diagnosis and treat
ment has become a national concern and has increased the need for more
intensive and specific diagnostic and assessment procedures at earlier
and earlier ages. Investigations by many health professions have
attempted to define the variables in each of the develc^mental areas,
including audiology, that will reliably identify those infants vAio
need intervention in the early years of life. Once identified there
is a need to employ basic standardized evaluations and reporting
techniques in order to provide data that would be ocmparable among
follcw-up programs. Ohe assessment of hearing and the accumulation
of information on how the infant responds to auditory stimuli has
been relatively limited in the younger child, birth to two years,
and has been scarce in those infants at-risk for developmental delays.
Hiis study has been concerned with at-risk infants demonstrating
a variety of perinatal complications and has attanpted to define
whether such infants auditory patterns deviate from that expected
from normal infants. It is hcped that future studies will continue to
investigate the auditory development of these infants and a protocol
for testing and evaluation will be established.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

24
BIBLIOGRAPHY
Babson, S., Benson, R.C., Pemoll, M.L. and Benda, G. Managanaent of
Hi<ÿi-Risk Pregnancy and Intensive Care of the Neonate. St.
Louis: C.V. MosbyCo., 1980.
Balkany, T.J. and Zamoch, J.M. "Impedance tympanometry in infants."
Audiology and Hearing Education.
17-19, 1978.
Bench, J., "Hae law of initial value: A neglected source of variance
in infant audiometry. "International Audiology. 9: 314-22,
1970.
Bench, J., Collyer, D., Mentz, L., and Wilson, I. "Studies in
behavioral audiometry. III. Six-month-old infants." Audiology
13: 384-394, 1977.
Brownlee, R.C., DëLoadae, R.W<, Oowan, C.C., and Jackson, H.P. "Otitis
media in children: Incidence, treatment and prognosis in
pediatric practice." Journal of Pediatrics 75: 636-1969.
Budhwald, J.S. "Brainstan siiostrates of sensory information - processing
and ad^ative behavior." In Bucdiwald, N.A. and Brazier, M.A. B.
(eds.) Brain Mechanisms in Maital Retardation; New York:
Academic Press, pp. 315^333, 1975.
Caputo, D.V. and Mandell, W. "Consequaices of low birthwei^t."
Developmental Psychology. 3: 363-383, 1970.
Davis, H. and Silverman, D. Hearing and Deafness, 3rd Ed. New York:
Holt, Reinhart and Winston, 1970.
DeHirsch, K., Jansky, J.J. and Langford, W.S. Predicting Reading
Failure. New York: Hsu:per and Row, 1966.
Downs, M.P. "Testing hearing in infancy and early childhood." In
Freeman, M. and Ward, P.H. (eds.) Dea&iess in Childhood.
Nashville: Vanderbilt University Press, pp. 25-33, 1976.
Downs, M.P. and Sterritt, G.M. "A guide to nesdx>m and infant hearing
screening programs." Arch. Otolaryngol. 85: 15-22, 1967.
Drage, J.S. and Berendes, H. "Apgar scores and the outocme of the
ne&doom. " Pediatric Clinics of North America. 13: 635-643,
1966.
Field, T.M., Hallock, N., Ting, G., Dempsey, J., Dabiri, C. and
Shulman, H.H. "A first-year follcw-ip of hiÿi-risk infants:
Formulating a cumulative risk index." Child Development. 49:
119-131, 1978.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

25

Friedlander, B.Z. "Receptive language develcçnent in infancy: Issues
and paxAjlems." Merrill-Palmer Quarterly. 16: 7-51, 1970.
Fulton, R., Gorzycki, P., and Hull, W. "Hearing assessment with young
children." Jour. Speech Hear. Disord., 40: 397-404, 1975.
Harmeling, J.D., and Jones, M.B. "Birthweight of high school dropouts."
American Jour, of Orthopsychiatry. 38: 63-66, 1968.
Hoverston, G. and Moncur, J. "Stimuli and intensity factors in testing
infants." Jour. Speech Hear. Res. 12 687-702, 1969.
Howie, V.M., Ploussard, J.H., and Sloyer, J. 'The otitis-prone*
conditicai." An. Jour. Pis. Child. 129: 676-678, 1975.
Jaffe, B., Hurtado, F. and Hurtado, E. '"iyTç>anic membrane mobility in
the newborn: With seven months follow-vp. " Laryngoscope 80:
36-48, 1970.
Kaplan, G.K., Fleshman, .K. and Bender, T.R., et. al. "Long-term
effects of otitis media; a 10-year study of Alaska Eskimo
children." Pediatrics 52: 577-585, 1973.
Liden, G. and Kankkunen, A. "Visual Reinforcemait Audiometry."
Acta Otolaryngol. (Stockh.) 67: 281-292, 1969.
Ling, D., Ling, A.H. and Doering, D.G. "Stimulus respcmse and
observation variables in the auditory screening of nes«4»m
infants." Jour. Speech Hear. Res. 13: 9-18, 1970.
Lloyd, L.L. "Behavioral, Audiometry viewed as an errant procedure."
Joum. Speech and Hear. Disord. 31: 128-136, 1966.
Lubchenoo, L.O. The Hi^ Risk Infant. Philadelphia: W.B. Saunders,
CO., 1976.
Matkin, N.D. and Thomas, J. "A longitudinal study of VRA." Paper
presented at ASHA convention. Las Vegas, 1974.
McConnell, F. (ed.) "Proceedings of the Conference on Current
Practices in the Management of Deaf Infants, (0-3 years)."
Nashville, Tenn. : Vanderbilt University Press, 1968.
Mencher, G. (ed.) Prooeedinqs of the Nova Sootia Ccxiference on
Early Identification of Hearing Lossarger, S., 1976.
Moncur, J. "Judge reliability in infant testing." Jour. Speech Itear.
Res., 11: 348-357, 1968.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

26

Moore, J.M., Thorpson, G. and Thompson, M. "Auditory localization of
infants as a functicai of reinforcement conditions." Jour.
Speech Hear. Disord. 40; 29-34, 1975.
Moore, J.M. and Wilson, W.R. "VRA with infants." In Gerber, S.E.
and Mencher, G.T. (eds.) Early Diagnosis of Hearing Loss.
New York: Grune and Stratton, 1978.
Moore, J.M., Wilson, W.R. and Ttopson, G. "Visual reinfOrcanent of
head-turn responses in infants under twelve months of age."
Jour. Speech Hear. Disord., 1977.
Northern, J.L. and Downs, M.P. Hearing in Children, 2nd Ed. Baltimore:
The Williams and Wilkins Co., 1978.
Paradise, J.L., Smith, C. and Bluestone, C.D. "Tyirpancanetric
detection of middle ear effusion in infants and young
children." Pediatrics 58; 198-206, 1976.
Parmelee, A. and Haber, A. "Who is the risk infant?" Clinical
<a>stetxics and Gynecology. 16: 376-387, 1973.
Parmelee, A., Signan, M., Kcpp, C., and Haber, A. "Diagnosis of
the infant at high risk for mental, motor and sensory handi
caps. " In Tjossem, T. (Ed.) Intervention Strategies for
Hi^ Risk Infantis and Young Children. Baltimore: University
Park Press, 1976.
Rubin, R.A., Rosenblatt, C. and Balow, B. "Psychological and edu
cational sequelae of prematurity." Pediatrics 52; 352-363,
1973.
Siirmons, F.B. "Diagnosis and rehabilitation of deaf nevÆorns; Part
II." ASHA 22; 475-, 1980.
Sweitzer, R.S. "Audiological evaluation of the infant and young
child." In Jaffe, B.F. (Ed.) Hearing Loss in Children. Balti
more; University Park Press, 1977.
Thonpson, G. and Weber, B. "Respcmses of infants and young children
to behavioral observation audiometry (BOA)." Jour. Speech
Hear. Disord. 39; 140-147, 1974.
Warren, W.S. and Stool, S.E. "Otitis media in low birthweiÿit infants."
Pediatrics 79; 740-743, 1971.
Wiener, G., Rider, R.V., üçpel, W.C. and Harper, P.A. "Correlations
of low birth-weight: Psychological status at eic^t and ten
years of age." Pediatric Researoh 2; 110-118, 1968.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

27

Wilson, W.R., Moore, J.M. and Thonpson, G. "Sound field auditory
thresholds of infants utilizing visual reinforcement audio
metry (VRA)." Paper read at the ASHA annual convention,
Houstcm, 1976.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

APPENDICES

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

28

Age

Appendix A
INDEX Œ INFANT’AUDITORY BEHAVIOR*
0-24 Months
Expected Response
Localization
1st Pure Tone
for Speech
Response (Mean)
re: Audiometric 0

Startle
for Speech

0-6 wks.

78 dB
Range: 72-84 dB

Eye Blink
Moro's
Eye Shift or
widen quieting

6 vdcs. 4 mo.

70 dB
Range: 60-80 dB

Eye Blink
Oiieting
Rudimentary
head-tum

47 dB
Range: 45-50 dB

65-70
dB

4 mo. 7 mo.

51 dB
Range: 40-60 dB

"Listening"
Head turn on
lateral plane &
beginning local
izing below ear

21 dB
Range: 13-29 dB

65-70
dB

7 mo. 9 mo.

45 db
Range: 30-60 dB

Localization on
lateral plane and
directly below ear
level, indirectly
above

15 dB
Range: 7.5-22.5
dB

65-70
dB

9 mo. 13 mo.

38 dB
Range: 20-50 dB

Localization
directly on
lateral and
lower plane

8 dB
Range: 1-15 dB

65-70
dB

13 mo. 16 mo.

32 dB
Range: 22-42 dB

Direct
localization on
all planes

5 dB
Range: 0-10 dB

65-70
dB

16 mo. 21 mo.

25 dB
Range: 15-35 dB

Direct locali
5 dB
zation CXI all planes Range: 4-6 dB

65-70
dB

21 mo. 24 mo.

26 dB
Range: 16-36 dB

Direct locali
3 dB
zation on all planes Range: 1-6 dB

65-70
dB

65-70
dB

♦Originally reported in: Downs, M.P., Chap. II, Deafness in Childhood, Ed:
McConnell & Vferd, Vanderbilt Univ. Press, Nashville, Tenn., 1967.
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i^jpendix B
PERINATAL (COMPLICATIONS
(XMFLICKTICNS

NO. OF OCCURRENCES

Viiral/Ba<
r^ icterial

Pulmonary Complications
Re^iratory bistxess
Syndrome
Tachypnea
Apnea
Viral Pneunonia
Aieunothorax
Bronchopulmonary
Dysplasia
Pulmonary Interstitial
Bphysema
Pulmonary Arterial
Hypertension
Respiratory Syncytical
Virus
Hyadine Membrane
Disease
Birth Asphyxia
Pulmonary Hemorrhage
Meooniun Aspiration
Atelectasis

54
17
2
7
5

Metabolic Disturbances
Hypocaloenua
Hypoglycemia
Hyperbilirubinemia
Rickets
I^pothyroid
Hypcmagnesiun

40
8
72
1
2
2

Cardiovascular Conplications
Floppy Mitral Valve
Heart Murmur
Patent Ductus Arteriosus
Hypertension
Persistent Fetal
Circulation
Oarpulmonale
Brêdn Anon^jes
Hytirooepiïalus
Microoqahalus
SeizAires
Purenoephalic cyst
Hemorrhagic Issions
Intraventricular Hemnorrliage
Cerebral Hemnorrhage
Caudate Bleed
Hematologic Oonplicatdons
Vascular Embolization
Ohranbocytopenia
Throrbosis
Anemia
Hypothrombinemia
ABO Incompatibility
Disseminated Intravascular
Coagulation

C34PLICATI0NS

NO. OF OCCURRENCES
In-

~ r eectixxis
cE

60
1
1
4
5
20
3
2
2

1
6
33
13
3
3
10
4
14
6
3
5
4

cytomegalovirus
Sepsis
I4eningitis
Urinary Trace
Infection
Gastrointestinal Complicatxcms
Necrotizing Entero
colitis
Intraabdcndnzd. Mass
Choanal Atresia
Acute Tubular Necrosis
Renal Dysfunction
General
Eye Anomalies
Retrolental Fifarc^lasia
Conjunctivitis
Otolaryngological Anomalies
Media
Trachitis
Tracheoesophageal
Cleft Lip/Palate
Misoellaneovs
Pierre R3in Syndrome
Hernia
Congenital Dislocation
of the Hip
Birth Weight
less than lOOOgm
1001 - 1499gm
1500 - 1999gm

2000 - 249990

2500 - 299990
3000 - 349990
3500 - 399990
greater than 4000gm

7
3
2

1
1
1
2

1
5
1
1

19
30
16

12
7
8

7
1

Gestational
nal Agi
less than 26 vks
26 - 27 ii*s
28 - 29 vdcs
30 - 31 vks
32 - 33 vdcs
34 - 35 v*s
Full Term

18
11
19
10
29

Multiple Gestation

16

3
9
3
19
2
4
2
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8

Apcn*U)i (
NiMshor oT t i n l i v i t l i i o l

An:u.*n»M!ttl :i

forrcctPd aijr in monthu

1 M
1
2
)
b
5
6
7
6
9
10
11
12

Number

14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
7(1
71
72
73
74
75
76
77
78
79
80
81
82
83
04
85
86
87
08
09
‘70
91
92
93
94
95

A 5 & T 8 V 40 11 1Z Vj r* n l 6 17 IB 19 ai 21 22 Z i T T T T

X

X
X

Mean f viails s2,4S
Range = 2 - 4
Mean Interval r*».77
Range = 1-14 monlhs

#of jmnenamcntuî
%

X

Imo = 2

2moÎ14

X
X
X

X
X
K

'

",

,

'

'mo
-'•wo
Siw>
6m«
7ko
8mo
9mo

2 *'2
: 14
=
= 6
=t
=
= 44

1C :II
1knn:6
12m* : 4

ISno
16bx >
17wo
lllnxi
1‘Nro
2Umo
21mo
22nio

=
=
:
:
:
=
Î
-

17
'•
4
[1
2
0
2
1

2<mo:1
2-»nx> = 4

2‘>nH) = 1

N= mr

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

